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Natural gas is a vital component of the world’s supply of energy. It is one 
of the cleanest, safest, and most useful of all energy sources and utilized mainly 
by combustion. However, in conventional natural gas-burning devices, the 
unstable combustion will lead to emissions of CO and unburned hydrocarbons 
(UHC). At the same time, the temperature would easily rise to above ca. 1500℃. 
Therefore nitrogen and oxygen will produce unwanted nitrogen oxides. 
Catalytic combustion can utilize lean premixed design with moderate 
temperature combustion stabilized on catalytic surface, and broaden the 
operating parameter window. Compared to traditional combustion, catalytic 
process can obtain complete oxidation of the fuel at low temperatures with low 
fuel-to-air ratios while simultaneously controlling UHC, CO and NOX 
emissions. 
Presently, metal oxides and noble metals have been used as representative 
catalysis systems of the catalytic oxidation of natural gas. Noble metal catalysts 
are the most active ignition catalysts, and supported palladium catalysts 
demonstrate excellent oxidation activity. As to the catalytic combustion of 
methane, the physical and chemical properties of supports, such as surface area, 
porosity, thermal stability, thermal conductivity, chemical stability, play an 
important part in determining the activity and long-term stability of the 
catalysts.  
In this work, PdO supported on several mixed oxides (PdO/ZrO2 -Al2O3, 
PdO/ZrO2 –SiO2) and different crystal phase of ZrO2 were investigated for the 
catalytic combustion of methane.  
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nitrate solution of aluminum and zirconium, were characterized by XRD, 
O2-TPD, CH4-TPR etc. to study the effect of the support. The relation between 
the catalytic activity and physical and chemical properties of catalysts were also 
discussed as follows: 
(a) The activity of catalysts with low Zr content of support increases with the 
addition of ZrO2. The maximum catalytic activity is achieved at the 
composition of PdO/ZrO2 –5.8Al2O3. Continuously increasing ZrO2 content 
deteriorates the activity. The catalytic activity of the supported PdO is 
strongly dependent on the Zr content. 
(b) XRD patterns of the PdO/ZrO2 -Al2O3 series show that the intensity of the 
diffraction line of γ- Al2O3 decreased with the increase of Zr content, and the 
tetragonal zirconia is the dominant phase of ZrO2. When a bit of monoclinic 
ZrO2 exists in the support, the catalytic activity is high.  
(c) The pore size also affects on the oxidation reaction of CH4. Generally, larger 
catalyst pores lead to higher activity. 
(d) O2-TPD profiles from PdO/ZrO2 -Al2O3 show different adsorption states of 
oxygen on palladium. The peak at lower temperature agreed with the 
thermodynamic dissociation of bulk PdO and the peak at higher temperature 
is assigned to stable PdOX under strong support interaction. The latter peak 
induced by the support effects is very important in determining catalytic 
activity. 
(e) CH4-TPR measurements indicated that there exist different PdO species on 
the catalyst surfaces, corresponding to different catalytic activities. The 
start-up reduction temperature of catalysts lower, the activity much higher is. 
(f) The interaction between PdO and support is affected by the crystal phrase of 













A B S T R A C T  
                  
厦门大学硕士论文                                          -  VI  -   
the distribution of active sites of CH4 dissociative adsorption has been 
alternated. Finally, it affects the catalytic activity for combustion of CH4. 
 
Secondly, we also investigated the support systems of different ratios of 
ZrO2 and SiO2 prepared by co-precipitation. We found that the surface area of 
aZrO2 -bSiO2 and the dispersion of Pd increased with increasing SiO2 content. 
Monoclinic zirconia is the dominant phase on PdO/ZrO2 . However the 
monoclinic phase rapidly decreased with increasing SiO2, and only the 
tetragonal phase remained at Pd/90%ZrO2-10%SiO2. But the catalytic activity 
decreased with reducing monoclinic phase. 
 
Thirdly, in order to exclude the factor of dopant, different crystal phases of 
zirconium were prepared by digestion and undigestion. The effects of the crystal 
phrase of ZrO2 on PdO/ ZrO2 were investigated for catalytic combustion of 
methane. Some conclusions are drawn as follows: 
(a) Monoclinic phase and tetragonal phase coexist in ZrO2 obtained by digestion 
of the hydrous zirconia. Comparing with monoclinic zirconia, mixed- 
crystalline zirconia has smaller size, bigger surface area and stronger surface 
acid properties.  
(b) The NH3-TPD spectra showed that PdO covered on the acid sites over the 
mixed-crystallite zirconia: the acid sites limited the dispersion of PdO. Pd 
dispersion on pure monoclinic zirconia is higher than that on mixed- 
crystalline zirconia, although surface area of the former support is smaller 
than the latter.  
(c) The catalytic oxidation of methane evaluation showed that PdO over pure 
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activity than that over mixed- crystallite system. It indicates that the 
oxidation reaction over PdO/ZrO2 was affected by the crystal phase of ZrO2.  
(d) The O2-TPD spectra of PdO/ZrO2 suggested that different thermal stability 
of PdO dispersed on the supports. Because of the stronger interaction 
between tetragonal ZrO2 and PdO, the thermal stability of PdO on mixed- 
crystallite system is higher than that of pure monoclinic support. It can be 
concluded that the activity of PdO species on tetragonal ZrO2 is not same as 
that on monoclinic ZrO2.    
(e) The CH4-TPR tests indicate the catalytic abilities of PdO species on 
monoclinic zirconia are similar, but the catalytic abilities of PdO species on 
tetragonal zirconia are non-uniform. The start-up reduction temperature of 
catalysts of pure monoclinic ZrO2 system is lower. This also suggested PdO 
supported on monoclinic ZrO2 exhibits considerable activity of oxidation 
reaction for methane. 
  
In addition, citric acid and maleic acid were chosen to investigate the effect 
of PdO/Al2O3 catalysts with special distribution of PdO. The distribution of PdO 
on Al2O3 section was macroscopically and microscopically observed with digital 
camera and Raman spectra respectively. When Al2O3 was impregnated by 
organic acid, the PdO distributed inwardly in the Al2O3 granule. The depth of 
PdO in Al2O3 decreased with the increase of pH. Both the acidity of 
impregnation solution and impregnation process can influence the distribution 
of PdO. 
 
Keywords:  Catalytic combustion of methane; PdO; monoclinic ZrO2; 
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摘   要 
 
天然气作为一种清洁优质的能源，在世界一次能源消费构成中的比



































                  





为了进一步了解 ZrO2晶相对 PdO 催化剂的甲烷催化反应活性的影
响，本文采用 ZrO(NO3)2溶液和四乙氧基硅溶液共沉淀获得不同配比的
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能源种类 石油 煤炭 天然气 新能源 
1971 47.8 31.0 18.3 2.9 
1990 39.4 29.4 21.6 9.6 
1999 40.6 25.0 24.2 10.2 
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图 1.1  天然气的主要利用途径 
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O2 + M ＝ 2O + M  (1)  E=118kcal/mol ; k=2.5×1011T0.5exp(-E/RT) 
N2 + O ＝ NO + N  (2)  Ea=75kcal/mol 
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